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Summary and Conclusions
Velocities in a flat bottom, two electrode melter are 0.03 to 0.3 cm/s and are lowest on the cavity bottom where noble metals would tend to accumulate. Velocities in 4 5 ' sloped bottom, three-electrode design are estimated t o be from 0.1 to 0.4 cm/s and are highest near the bottom of the cavity. The terminal velocity o f 100 micron-sized Pd in molten glass is about 1 x cm/s, which is far slower than normal convection currents. Accumulation of noble meta-1s is thus attributed to trapping inside boundary layers where fluid is nearly motionless. boundary layer near the cavity floor could be large due to low bulk fluid .
In a flat bottom melter, the motion.
. .
Once a sludge layer forms, it takes on distinct rheological properties having a higher viscosity with pseudo-plastic behavior. velocity for resuspension, calculated from a correlation for flow in a pipe, is 1000 times higher than convection currents in the LFCM. It is thus important t o keep noble metals suspended and prevent sludge formation. Gravity could play a role in directing sludge to a bottom drain. calculated steady state velocity of a falling film of sludge is sufficient to keep a 4 5 ' sloped bottom free from major accumulations if it is a Newtonian fluid.
The critical
The Introduction This paper examines the possible liquid momentum forces in the LFCM and their influence on roble metals sludge which may accumulate. The analyses invol've simplifying assumptions in order to isolate the effects of gravity and glass convection currents in the cavity. understand these forces and this in turn will help to interpret physical model results and guide in design o f the melter :avity.
The purpose is t o better Characteristic Velocities in Molten Glass
There are no available velocity measurements of glass flow in the LFCM. This information is obtained by computer or physical modeling. Physical modeling studies by Quigley and Kreid (1979) 
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where: Vt = terminal velocity of particle in molten glass d = particle diameter g = gravity constant = 980 cm/s2 fi = glass viscosity = 45 poise p = molten glass density at 115OOC = 2.1 g/cc = density o f noble metal particle The apparent viscosity decreases with increasing2 shear rate indicating pseudo-plastic behavior.
Falling Film Velocity
To gain perspective on the ability of a sloped bottom to promote movement o f sludge towards the bottom drain, an analysis of flow of a falling film was done. the sloped cavity floor. Gravity will exert a downward force on this sludge. A characteristic velocity associated with this flow can be readily calculated based on steady velocity of a falling film. shear force at the outer film boundary, i.e., the molten glass does not impede or aid downward motion of the sludge film. the e f f e c t of gravity.
The average velocity of the sludge (Bird et a1 1960) is:
It is assumed that a layer of thickness T has accumulated on It is assumed that there is no
The analysis thus isolates Also, the sludge is taken to be Newtonian.
where ps is bulk sludge density, 0 is inclination angle from horizontal, and F S is bulk sludge viscosity. The effective density in equation (2) has been adjusted to account for the buoyant effect of the molten glass.
The density of the noble metals is 7 g/cc for Ru02 and 12 g/cc for Rh
The density of glass is about 2.2 g/cc at molten temperature. To and Pd. calculate the sludge density it is assumed to consist of about 40 vol% metal and 60 vol% molten glass. packed spheres. The metal portion is assumed to be half with density 7 g/cc (Ru02) and the other half 12 g/cc (Pd and Rh). in the following sludge density:
These proportions are roughly based on closeThese considerations result ps = (0.6 x 2.2) + 0.4 x (12 + 7)/2 = 5.1 g/cc = 5100 kg/m3
The sludge viscosity is derived from measurements made on HEWC-Glass from the bottom-of the PAMELA melter. was reported in technical exchange discussions with FRG investigators. The thickness of the layer is calculated from.the total amount o f noble metals in the melter if collected in a layer on the floor. If the melter holds 5000 kg of glass and the noble metals are 0.2 wt%, then the mass of noble metals is 10 kg. The bottom area is assumed to be 1.5 times the top area or 3.8 m2, thickness is thus:
The top area of a 45 kg/h melter is around 2.5 m2.
The layer 10 kg 5100 kg/m3 x 3.8 m2 T = = 5 x 10-4 m Substituting these parameters into Equation ( It should be noted that the velocities in the above table are steady-state.
The time to reach this condition is unknown and to make a determination would require a much more complicated amlyses involving tenuous assumptions. Also, the effective viscosity could be much higher than 200 poise if the sludge is pseudo-plastic and shear rates are low (see Figure 1) . Nevertheless, this simple analysis provides an upper bound on the effectiveness of a sloped bottom t o move sludge to the bottom drain. sludge 100 cm using the 45' slope would take about 20 hours, which i s a reasonable time.
To move S!udqe Flow Due to Bulk Fluid Velocity
The motion of the glass in the cavity will exert shear force on the sludge layer. upper bound on the effect of this motion on moving the sludge. assumed to be collected on a horizontal surface to eliminate gravity effects and isolate the shear force.
A straight-forward calculation can be done to determine an The sludge i s
The sludge moves in a direction parallel to the 5 surface which i s a l s o p a r a l l e l t o g l a s s flow d i r e c t i o n .
thickness T w i t h v a r i a b l e v e l o c i t y i n the d i r e c t i o n normal t o the surface a s
shown i n the following sketch:
The l a y e r has bulk g l a s s 
The average v e l o c i t y over T is obtained by i n t e g r a t i o n t o give:
As mentioned above, physical modeling suggests v e l o c i t i e s of up t o 0.4 cm/s. I f this f l u i d motion can be t r a n s f e r r e d t o the sludge l a y e r a s equation ( 5 ) suggests, then there i s a chance f o r mobilization and removal of accumulations by this method alone. s t a t e , and a s i n the development f o r Equation (2), i t i s unknown how long this w i l l take.
However the a n a l y s i s i s f o r steady Looking at Figure 1 , the apparent viscosity under these conditions is about 1QQ poise at 115OOC. The viscosity climbs rapidly with decreases in shear rate so it is much more difficult to mobilize sludge at lower velocities. 
